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model of Marfan syndrome shows severe elastolysis
in all segments of the aorta
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Objective: Fibrillin-1 hypomorphic mice (mgR/mgR) are accepted as a model of Marfan syndrome. Phenotypic investi-
gations of this mouse have not previously included quantiﬁcation of phenotypic features and detailed examinations of the
histopathology other than in the ascending aorta.
Methods: We developed a quantitative polymerase chain reaction assay to genotype the mice. Necropsy was performed on
50 male mice after natural death. We then sacriﬁced 10 mgR/mgR and 10 wild-type mice at 14-19 weeks to perform
in vivo computed tomographic scans (n [ 3) and microscopic examinations (n [ 7). Four aortic segments (ascending,
descending, pararenal, and infrarenal aorta) were excised. Each segment was divided into four subsegments and analyzed
with Van Gieson staining. The number of elastin breaks and internal aortic diameter were determined twice in
randomized, blinded fashion.
Results: Computed tomographic scans of mgR/mgR mice revealed aneurysm formation in the ascending aorta and
kyphoscoliosis. Elastolysis was present in all four aortic segments of mgR/mgR but was rarely observed in wild-type mice
(P < .001). The diameter of the ascending aorta was larger in mgR/mgR than in wild-type mice (P[ .01), but para- and
infrarenal aortic diameter were even smaller in mgR/mgR mice (P < .001 and P [ .01, respectively). Exploratory gene
expression analysis showed a number of differentially expressed genes with overrepresentation of immune-related func-
tions. Quantitative polymerase chain reaction analysis conﬁrmed upregulation of selected genes in both the ascending
aorta and the abdominal aorta.
Conclusions: Our ﬁndings suggest that mgR/mgR mice could be a useful model to study aortic abnormalities in segments
other than the ascending aorta in order to understand the molecular mechanisms of aortic disease in Marfan syndrome. (J
Vasc Surg 2013;57:1628-36.)
Clinical Relevance: Aneurysm formation and aortic dissection remain the most life-threatening complications of Marfan
syndrome, but the pathogenesis of aortic disease is poorly understood. In this study we characterized a reliable murine
model of Marfan syndrome (mgR/mgR) and performed histologic investigations on all parts of the aorta and exploratory
gene expression analysis to improve the understanding of aortic disease in Marfan syndrome. Our results show that all
segments of the aorta are affected by characteristic abnormalities including fragmentation of elastic ﬁbers. A number of
genes with immune-related functions were found to be differentially expressed. These ﬁndings suggest important avenues
for future research on the pathophysiology of Marfan syndrome.Marfan syndrome (MFS) is a hereditary connective intrafamilial phenotypic variability.3 On the molecular
tissue disorder with an incidence of two to three per
10,000 births1 caused by mutations in FBN1, which
encodes ﬁbrillin-1.2 MFS is inherited in an autosomal
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Fig 1. Schematic drawing of the mouse aorta. The ascending (A),
descending thoracic (B), pararenal abdominal (C), and infrarenal
abdominal aorta (D) were excised, and frozen cross sections were
stained with Van Gieson, alizarin red, hematoxylin-eosin, and
Movat pentachrome.
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stiffness, and higher pulse velocity, which in turn lead to
increased mechanical strain on the fragile wall.7 These
effects may result in aneurysm formation, increasing the
risk of acute dissection of the ascending aorta. However,
prior formation of aneurysm is not always observed, as
occasionally aortic dissection occurs without previous
aneurysm formation, strongly indicating early surgical
intervention.8,9 Although MFS is a systemic connective
tissue disorder, suggesting that it might affect all parts
of the aorta, aneurysm formation and aortic dissection of
the downstream aorta are rarely observed in patients with
MFS and are mainly associated with previous surgical
treatment.10-12
The ﬁbrillin-1 hypomorphic mouse (mgR/mgR) rep-
resents a murine model of MFS, engineered by insertion
of a neomycin cassette between exons 18 and 19 of the
Fbn1 gene.13 The mgR/mgR mice have been widely
used, but previous investigations have not included a quan-
titative analysis of phenotypic characteristics or detailed
histopathologic examinations of tissues other than the
ascending aorta. In this work, we investigated the total
course of the aorta, focusing on two parameters that are
described as pathologic changes in human MFS: the total
amount of elastin breaks in the aortic media and the change
of internal aortic diameter from the level of the aortic valve
to the aortic bifurcation. The objective of this study was to
reveal and quantify pathologic changes in all parts of the
aorta of mgR/mgR mice and to identify future targets by
exploratory gene expression analysis.
METHODS
Mice. Homozygous mgR/mgR mice and their wild-
type (wt) siblings were included in the study. All proce-
dures involving the use and care of mice were performed
according to the Guide for the Care and Use of Laboratory
Animals published by the U.S. National Institutes of Health
and were approved by the local administration (Regier-
ungspräsidium Karlsruhe) in consensus with x8 Abs.
1 TierSchG (T36/08, G17/09).
Mice were genotyped by quantitative real-time poly-
merase chain reaction (Q-PCR). Heterozygous females
(mgR/-) were matched with homozygous males (mgR/
mgR). Deoxyribonucleic acid was isolated from tags using
standard methods. The Q-PCR was performed at day
21 with four amplicons (Alb1-FOR:CTGCAATCCTGAA
CCGTGT, Alb1-REV:TTCCACCAGGGATCCACTAC;
qNEO1-FOR:TGAATGAACTGCAGGACGAG, qNEO1-
REV:AGTGACAACGTCGAGCACAG; qNEO2-FOR:TC
TCCTGTCATCTCACCTTGC, qNEO2-REV:GTAGCC
GGATCAAGCGTATG; and qNEO3-FOR:TCTGGATTC
ATCGACTGTGG, qNEO3-REV:TTCAGCAATATCAC
GGGTAGC) detecting the introduced neomycin cassette.
Data was interpreted with the 2-DD-cycle threshold (Ct)
method.
Macroscopic examination. Necropsy was performed
on 50 male mice after natural death with documentation of
age, DCt value, and genotype. The foot length (mean ofleft and right lower foot) and themaximal thoracic perimeter
were measured manually. The presence of kyphosis was
determined by the inability to place the mouse in a supine
position. Diaphragmatic hernia and scoliosis were assessed
after laparotomy. The cause of death was determined.
Finally, the body was examined for any visible abnormalities.
To compare the ﬁndings in mgR/mgR with wt
(C57/Bl6) mice, 10 male animals each were sacriﬁced by
CO2 overdose at the age of 14-18 weeks. Cadavers were
examined as described earlier, and weights were docu-
mented. Before examination, three mgR/mgR and three
wt mice were anesthetized with 1.5% isoﬂurane, and full-
body computed tomography (ﬂat panel detector-based
volumetric computed tomography; Siemens, Forchheim,
Germany) with contrast (Imeron 250; Bracco, Konstanz,
Germany) was performed. Skeletal features and the entire
aorta were visualized.
Microscopic examination. The heart was punctured,
and the cardiovascular system was perfused with 10 mL
of cold saline (4C) at physiologic pressure (100 mm
Hg). Four aortic segments were carefully excised: the
ascending aorta from the aortic root to the innominate
artery (segment A), the descending aorta from the left
subclavian artery to the diaphragm (segment B), the
abdominal aorta from the celiac trunk to the renal arteries
(segment C), and the infrarenal aorta to the aortic bifurca-
tion (segment D; Fig 1). Each segment was ﬁlled with and
embedded in cryo O.C.T. compound and shock frozen in
liquid nitrogen. Each segment was then dissected into four
Table I. Phenotypic features of mgR/mgR mice after necropsy and in comparison with wild-type littermates
1 necropsy
mgR/mgR,
n ¼ 50
(all male)
2 mgR/mgR,
n ¼ 10
(all male)
3 wild type,
n ¼ 10
(all male)
P value
(2 vs 3)
4 mgR/mgR,
n ¼ 12
(all male)
5 wild type,
n ¼ 12
(all male)
P value
(4 vs 5)
P value
(2 vs 4)
Mean survival,
days (range)
107 (27-240) — — — — — — —
Mean age, days — 114.4 113.8 — 44.8 45.2 — —
Mean weight, g — 32.3 30.8 .03 22.9 22.5 NS <.001
Mean foot
length, mm
(range)
19.4 19.4 (18.5-20.5) 17.9 (17-18.5) <.001 18.5 (18.0-19.5) 17.5 (16.5-18.5) .003 .009
Mean chest
perimeter, mm
(range)
— 83.1 (77-89) 77.5 (73-84) .006 73.0 (61-82) 68.8 (58-80) .001 .001
Diaphragmatic
hernia
37/50 8/10 0/10 <.001 6/12 0/12 .007 NS
Scoliosis 44/50 10/10 0/10 <.001 9/12 0/12 <.001 NS
Kyphosis 42/50 10/10 2/10 <.001 11/12 3/12 <.001 NS
Thoracic bleeding 49/50 — — — — — — —
Rectal prolapse 2/50 2/10 0/10 NS 0/12 0/12 — NS
NS, Not signiﬁcant.
Fig 2. A, Typical phenotype of mgR/mgR mouse presenting with severe kyphosis and rectal prolapse (arrow). B,
Severe scoliosis is very common in homozygous mgR mice and is visible after median laparotomy and thoracotomy. C,
In vivo computed tomographic scans emphasize deformities in the skeleton of mgR/mgR compared with wild-type
(wt) mice. D, In vivo computed tomographic scans of the aorta showed aneurysm formation in the ascending aorta
and severe kinking of the thoracic aorta in mgR/mgR mice, whereas no pathologic changes were found in wt mice.
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Fig 3. Degradation of elastin layers in the aortic media can be found at the age of 14-18 weeks in all aortic segments of
mgR/mgR (left) in comparison with healthy aortic sections of wild-type (wt) littermates (right). Scale bar ¼ 20 mm,
400  0.05 mm per pixel.
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sections containing 9 to 12 aortic slices were obtained per
subsegment.
In order to analyze the internal aortic diameter and the
degree of elastolysis, three sections per subsegment were
processed with Elastica-Van Gieson stain, resulting in 12
sections per segment (A-D) or 48 sections per animal.
Additional aortic sections of mgR/mgR and wt were
stained with alizarin red, hematoxylin-eosin, and Movat
pentachrome.Photographs (Nikon Eclipse 90i; Nikon Imaging
Center, Heidelberg, Germany) were taken in overview
(100 magniﬁcation) to measure internal perimeter and
in detail (400 magniﬁcation) at the most degraded
part of the aortic wall to deﬁne the numbers of breaks,
adjacent breaks, and breakthroughs. A total of 96 photos
per animal (1344 in total) were randomized and blinded.
Two different investigators independently examined the
photos using Image Pro Plus 4.5 (Medi Cybernetics,
San Diego, Calif).
Fig 4. Signs of calciﬁcation were found by alizarin red stain in segment A of mgR/mgR (A) compared with wild type
(wt; B) mice. In mgR/mgR mice, Movat pentachrome (C) revealed proteolysis and inﬁltration of immune cells in the
aortic media of the ascending aorta (original magniﬁcation, 100), and hematoxylin-eosin staining (D) showed
inﬁltration of immune cells in the abdominal aorta (original magniﬁcation, 400).
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ysis, 12 male mgR/mgR and 12 wt littermates were sacri-
ﬁced at the age of 6 weeks as described earlier. Samples of
segments A and C of n ¼ 4 animals were pooled to gain
a sufﬁcient amount of material and then were shock frozen
and pestled (total, n ¼ 3 each). Tissue powder was lysed in
RNAPure (PEQLAB, Erlangen, Germany), and total ribo-
nucleic acid (RNA) was prepared following the manufac-
turer’s instructions. For microarray analyses, RNA samples
were labeled using the Agilent Quick Amp labeling kit
(one color), including the Agilent one-color RNA spike-in
kit (Agilent Technologies, Santa Clara, Calif), and hybrid-
ized on Mouse Gene Expression 4x44K V2 Microarrays
according to the manufacturer’s instructions using an Agi-
lent Hi-RPM Gene Expression Hybridization Kit. Feature
extraction was performed using the GE1_107_Sep09
protocol and standard settings (Agilent Feature Extraction
Software; Agilent Technologies). Array data was normalized
and ﬁltered using the Agi4x44PreProcess package from
Bioconductor (http://www.bioconductor.org) with
quantile normalization, MeanSignal as foreground, and
BGMedianSignal as background. Statistical analysis of
microarray data and Q-PCR on samples from the ascending
as well as the pararenal abdominal aorta was performed as
previously described.14Statistical analysis. Analysis of phenotypic and histo-
logic characteristics was performed using SPSS (IBM
SPSS Statistics 19; IBM Corporation, Armonk, NY). In
case of Gaussian distribution, the t-test was used; otherwise
the Mann-Whitney U test was used. Statistical signiﬁcance
was accepted at P ¼ .05, and results of P < .001 were
described as highly signiﬁcant.
RESULTS
We performed a detailed phenotypic analysis of
mgR/mgR mice and a comparison between mgR/mgR
and wt mice at two time points (Table I). At necropsy,
49 of the 50 mice were found to have died because
of aortic rupture of the thoracic aorta with a mean survival
of 106.8 days (range, 27-240 days). Mean foot length was
19.3 mm. Thirty-seven of the 50 mice suffered from dia-
phragmatic hernia, which was located at the ventral portion
of the diaphragm close to the sternum (Morgagni hernia).
The large majority of mice presented severe kyphosis
(42/50) and scoliosis (44/50), and 2 of 50 mice showed
rectal prolapse (Fig 2, A and B). In comparison with wt,
mgR/mgR at 6 weeks as well as at 14-18 weeks of age pre-
sented with increased foot length and chest perimeter and
showed evidence of severe scoliosis and diaphragmatic
hernia, which was never observed in wt littermates
Table II. Gene ontology analysis of differentially expressed genes in segment A
ID Name P value (adjusted) Study count Population count
GO:0002376 Immune system process 1.881E-21 43 (30.9%) 719 (4.6%)
GO:0050896 Response to stimulus 4.953E-10 50 (36.0%) 1932 (12.4%)
GO:0006955 Immune response 5.63E-09 34 (24.5%) 420 (2.7%)
GO:0006952 Defense response 5.07E-06 25 (18.0%) 372 (2.4%)
GO:0009986 Cell surface 1.86E-05 13 (9.4%) 212 (1.4%)
GO:0001775 Cell activation 4.07E-05 15 (10.8%) 287 (1.8%)
GO:0005515 Protein binding 9.51E-05 68 (48.9%) 4804 (30.7%)
GO:0005576 Extracellular region 2.30E-04 34 (24.5%) 1422 (9.1%)
GO:0002682 Regulation of immune system process 6.18E-04 15 (10.8%) 257 (1.6%)
GO:0007155 Cell adhesion .0035 17 (12.2%) 517 (3.3%)
GO:0022610 Biologic adhesion .0051 17 (12.2%) 517 (3.3%)
GO:0005886 Plasma membrane .0070 42 (30.2%) 2439 (15.6%)
GO:0009897 External side of plasma membrane .0104 12 (8.6%) 147 (0.9%)
GO:0001664 G-proteinecoupled receptor binding .0121 7 (5.0%) 51 (0.3%)
GO:0048518 Positive regulation of biologic process .0230 25 (18.0%) 1116 (7.1%)
GO:0050865 Regulation of cell activation .0236 8 (5.8%) 127 (0.8%)
GO:0048583 Regulation of response to stimulus .0397 12 (8.6%) 252 (1.6%)
GO:0040011 Locomotion .0404 13 (9.4%) 372 (2.4%)
GO:0006935 Chemotaxis .0495 10 (7.2%) 96 (0.6%)
Gene ontology overrepresentation analysis using the Parent-Child-Union method with Bonferroni multiple testing correction with the Ontologizer.15,16 One
hundred thirty-nine genes differentially expressed in the ascending aorta (wild type vs mgR/mgR mice) were compared with all 15,632 genes represented on
the microarray (population set). Study count and population count indicate the number (and percentage) of genes in the study set and the population set that
are annotated to the gene ontology term.
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mgR/mgR mice generally presented severe skeletal defor-
mities similar to those seen in human MFS (Fig 2, C) as
well as aneurysms of the ascending aorta and kinking of
the thoracic aorta (Fig 2, D). In summary, increased
mean foot length (>18.5 mm) and/or severe scoliosis
and/or existence of a diaphragmatic hernia are characteris-
tically observed in adult homozygous mgR/mgR mice.
The mgR/mgR mice showed severe elastolysis in all
segments of the aorta. Elastolysis, adjacent breaks, and
breakthroughs were present in all four aortic segments
of mgR/mgR but were rarely observed in wt mice
(P < .001; Fig 3). There was a mean of 13.2 6 2.68 breaks
per image (400 magniﬁcation) in segment A. There were
twice as many breaks in aortic segment A (mean [SD], 13.2
[2.68] breaks per image) than in the other three segments
of mgR/mgR mice (P ¼ .01). Segment B showed 6.7
[1.59], segment C 7.2 [1.32], and segment D 6.7 [1.98]
breaks per segment. In comparison, there was never
more than one break found in aortic sections of wt mice.
In summary, the highest density of elastin breaks was found
in the ascending aorta, but elastin breaks were commonly
found in all aortic segments of mgR/mgR mice.
Alizarin red staining histologic examinations revealed
signs of calciﬁcation in the ascending aorta of mgR/mgR
mice, which could not be observed in samples from age-
matched wt mice (Fig 4, A and B). Movat pentachrome
revealed nearly total degradation of aortic media in the
ascending aorta ofmgR/mgRmice (Fig 4,C). InmgR/mgR
mice similar ﬁndingswere observed in sections of the abdom-
inal aorta, which less frequently showed inﬁltration ofmacro-
phages but high numbers of immune cells (Fig 4, D).
The mgR/mgR mice show aneurysms of the ascending
aorta but decreased abdominal aortic diameter. Aorticdiameter in segment A was found to be larger in mgR/mgR
(1221 [400] mm) than in wt mice (909 [108] mm;
P < .001). There was no difference seen in segment B
(mgR/mgR 784 [88] vs wt 800 [136]), but the diameter
of segments C (mgR/mgR 586 [176] vs wt 588 [126])
and D (mgR/mgR 347 [123] vs wt 499 [76]) were smaller
in mgR/mgR than in wt mice (Mann-Whitney U test,
segment C: P < .001; segment D: P ¼ .01).
The aorta of mgR/mgR mice shows differential
expression of genes involved in immune processes. Micro-
array analysis performed on samples of the ascending aorta
(segment A) of wt and mgR/mgR mice only revealed
a total of 159 differentially expressed genes using a thre-
shold of fold change of at least four in either direction
and a Benjamini-Hochberg corrected P < .1. One hundred
forty of these genes were more highly expressed in
mgR/mgR aorta (Supplementary Table, online only).
Gene ontology (GO) analysis showed that several GO
terms related to immune functions are overrepresented
among these genes (Table II).15,16 A selection of these
genes was validated by Q-PCR in both the ascending aorta
(segment A) and the abdominal aorta (segment C). Reduc-
tion of Fbn1 expression in mgR/mgR mice could be
conﬁrmed in both segments. Results of Q-PCR analysis
conﬁrmed the differential expression for each tested gene,
although we note that the maximum possible signiﬁcance
of a one-sided Mann-Whitney U test can just reach
nominal signiﬁcance of 0.05 given the number of samples
per test (Fig 5).
DISCUSSION
Aortic elastolysis in the ascending aorta is a well-known
feature of mgR/mgR mice and human MFS.13 The ﬁrst
murine model of MFS was the mgD/mgDmodel presented
Fig 5. Samples originating from the ascending aorta (A) and the abdominal aorta (C) were analyzed in wild-type (wt)
and mgR/mgR mice. Each complementary deoxyribonucleic acid was derived from RNA (ribonucleic acid) samples of
n ¼ 4 animals. Plotted are the mean expression values of quantitative polymerase chain reaction (Q-PCR) analysis
performed triplicates. Data was normalized to the mean value of wt mice in the ascending aorta. Individual values are
shown as diamonds and the mean value per group as horizontal line. Gene symbols are indicated on the top of each plot.
Actb and Gapdh were used as endogenous control genes and relative quantities were calculated using qBASE.25
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suitable for further investigation.17 Since then other models
of MFS have been engineered, including the mgR/mgR
mouse13 and the C1039G/- mouse.18,19 Both models
present with changes similar to humanMFS, but in compar-
ison the development of aortic disease in C1039G/- mice is
less pronounced.18 The mgR/mgR mice display severe
phenotype of MFS and seem to be applicable for further
investigations because they suffer from a reduced lifespandue to spontaneous aortic rupture as seen in human
MFS.13 In this study, we have shown for the ﬁrst time that
elastolysis is evident in the entire aorta of mgR/mgR mice,
indicating that the same pathologic pattern is active in the
ascending, thoracic, and abdominal aorta. We found that
elastolysis is generally associated with adjacent breaks and
often with breakthroughs of the aortic wall in the
abdominal as well as in thoracic aorta. However, the number
of breaks decreased within the course of the aorta. Early
JOURNAL OF VASCULAR SURGERY
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of elasticﬁberswith a decrease in elastin content in themedial
layer of the aorta.20 This may be due to different mechanical
loads and/or a different biology in the ascending aorta. We
found exploratory analysis of gene expression changes in
the aorta of mgR/mgR mice demonstrated a highly signiﬁ-
cant overrepresentation of genes involved in immune func-
tions (Table II and Supplementary Table, online only).
Previous studies have shown that macrophages trigger
degradation of the aortic wall in the ascending aorta of
mgR/mgR mice5 and humans.21 Our ﬁndings underline
that inﬂammation in general may represent an important
component of the complex pathogenesis of MFS in both
the ascending as well as the abdominal aorta, as previously
suggested by observations on mgR/mgR mice as well as
human patients.5,21,22
Our data emphasizes that themgR/mgRmousemimics
human MFS. For the ﬁrst time we present a quantiﬁcation
of phenotypic features. We found that adult mgR/mgR
mice can develop diaphragm hernia, which represents
a strong predictor of shorter life expectancy in MFS.23
Similar to human MFS, mgR/mgR mice show aneurysm-
formation in the ascending aorta (P ¼ .001).24 Upon
necropsy the cause of death was found to be rupture of
the ascending aorta in 49 of 50 mgR/mgR animals. There
was no difference in the diameter of descending aorta
(segment B), which matches with ﬁndings in human MFS
where aneurysms in the distal parts of the aorta regularly
develop later in life and often seem to be linked to previous
surgical intervention.10-12 Interestingly, the diameter of
segments C and D were smaller in mgR/mgR than in wt
mice (segment C, P ¼ .001; segment D, P ¼ .01). Patients
with MFS may develop aortic enlargement or dissection at
segments distant from the aortic root.11 However, there
are currently no studies comparing the diameter of the
abdominal aorta in MFS patients with an age-matched
control group. It will be the subject of further studies to
investigate whether decreased abdominal aortic diameter is
a physiologic adaption to cardiovascular changes in MFS
patients or occurs in just mgR/mgR mice.
Limitations of the study include the small number of
samples investigated and the fact that only one time point
was investigated in the gene expression analysis, which so
far has been investigated at only one time point (6 weeks).
This is due to ﬁnancial limitations. Future work is needed
to characterize the natural history of gene expression abnor-
malities over the course of the disease and to deﬁne the
precise role of inﬂammation in the pathogenesis of MFS.
CONCLUSIONS
We showed that although aneurysm formation primarily
affects the ascending aorta, all segments of the aorta of
mgR/mgR mice are affected by elastolysis. Exploratory
gene expression analysis showed a number of differentially
expressed genes with overrepresentation of immune-
related functions. The Q-PCR analysis was able to conﬁrm
this expression proﬁle for 11 genes in both the ascending
as well as the abdominal aorta. These ﬁndings indicate thatsimilar biochemical patterns are evident in different parts of
the aorta but do not necessarily result in aneurysm forma-
tion. Furthermore, mgR/mgR mice showed a decreased
abdominal aortic diameter, a phenomenon that has not yet
been investigated in depth in human MFS. A clinical study
should be conducted to compare the abdominal aortic diam-
eter of patients with MFS with a well-chosen control group.
Our ﬁndings suggest that the mgR/mgR mouse could be
a useful model to study aortic abnormalities in aortic
segments other than the ascending aorta. Further investiga-
tion on mgR/mgR mice may reveal new insights in the
molecular understanding of aortic disease in MFS and may
offer targets to improve treatment of the life-threatening
cardiovascular manifestations of MFS.
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Supplementary Table (online only). Differentially expressed genes in segment A
Gene Mean wt Mean mgR/mgR FC P value Corrected P value
Spp1 7.15 12.62 44.26 .00413 .098
Gm1987 9.12 14.17 33.27 .00148 .088
Ccl2 7.32 12.34 32.58 .00231 .091
Ccl8 7.70 12.13 21.61 .00086 .084
Bcl2a1d 7.47 11.84 20.66 .00206 .089
Cd52 8.93 13.22 19.65 .00254 .093
Cd72 7.79 12.08 19.54 .00101 .084
Cd72 7.36 11.57 18.57 .00108 .086
Ctss 10.31 14.44 17.54 .00204 .089
Cx3cr1 8.33 12.42 17.04 .00025 .073
Prg4 8.06 12.14 16.94 .00362 .097
Igfbp2 11.33 15.33 16.01 .00281 .094
Mpeg1 8.60 12.54 15.37 .00247 .093
Lilrb4 8.95 12.82 14.66 .00224 .090
Ms4a7 9.44 13.28 14.28 .00279 .094
Timp1 11.48 15.31 14.20 .00244 .092
Oas1a 8.92 12.75 14.19 .00424 .099
Ccr2 6.75 10.48 13.23 .00226 .090
Ccl6 9.55 13.25 13.04 .00237 .092
Isg15 10.00 13.70 12.94 .00437 .099
Esm1 7.69 11.36 12.79 .00023 .073
Vsig4 7.99 11.67 12.78 .00036 .075
H2-Eb1 11.51 15.08 11.86 .00350 .097
Trem2 8.91 12.46 11.71 .00042 .076
H2-Ab1 10.60 14.11 11.41 .00207 .089
Aif1 9.24 12.75 11.39 .00118 .087
AF251705 8.09 11.59 11.32 .00094 .084
Cthrc1 7.65 11.14 11.22 .00044 .077
Ccl12 7.63 11.11 11.15 .00225 .090
Lilrb3 9.44 12.91 11.09 .00257 .093
Ly86 8.75 12.22 11.09 .00098 .084
H2-Ab1 10.75 14.20 10.94 .00377 .098
Gm11428 8.35 11.64 9.82 .00173 .089
Thbs1 9.14 12.40 9.58 .00151 .088
Ccl9 8.76 12.01 9.53 .00285 .094
Lst1 8.78 11.97 9.10 .00436 .099
Clec7a 7.28 10.46 9.05 .00403 .098
Fhl2 10.18 13.36 9.05 .00096 .084
Fcer1g 9.22 12.36 8.82 .00105 .085
Evi2a 8.49 11.62 8.72 .00290 .094
Ccl5 7.96 11.08 8.68 .00155 .089
Ncf4 8.17 11.29 8.68 .00309 .096
Oas1a 7.35 10.45 8.58 .00330 .097
Tyrobp 9.14 12.22 8.47 .00114 .087
Clec4n 8.32 11.38 8.31 .00335 .097
Ccr5 7.21 10.22 8.06 .00218 .090
Col8a1 8.11 11.08 7.86 .00119 .087
Fcgr2b 8.07 11.02 7.72 .00156 .089
Serpina3n 8.18 11.06 7.35 .00066 .082
Crlf1 10.52 13.36 7.14 .00009 .072
Cyth4 9.54 12.35 7.04 .00137 .088
Lcp1 8.20 10.97 6.81 .00201 .089
Irf8 7.93 10.64 6.56 .00141 .088
Myo1g 9.34 12.05 6.54 .00408 .098
Lcp1 8.41 11.12 6.53 .00135 .088
Lyz1 12.02 14.73 6.52 .00127 .087
Cotl1 11.52 14.22 6.52 .00134 .088
Rtp4 9.71 12.41 6.52 .00424 .099
Emr1 9.17 11.86 6.44 .00037 .075
Coro1a 10.43 13.11 6.43 .00251 .093
C1qa 10.47 13.16 6.42 .00120 .087
Birc5 8.89 11.54 6.28 .00087 .084
Plek 8.96 11.54 5.99 .00174 .089
Col12a1 8.60 11.17 5.91 .00019 .072
Selplg 8.41 10.97 5.87 .00399 .098
Alox5ap 9.58 12.13 5.83 .00188 .089
(Continued on next page)
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Gene Mean wt Mean mgR/mgR FC P value Corrected P value
Vav1 9.20 11.74 5.81 .00422 .099
Prc1 8.47 11.00 5.76 .00032 .075
Lyz2 7.97 10.48 5.70 .00339 .097
Blnk 8.88 11.38 5.65 .00140 .088
Fcrls 8.88 11.37 5.63 .00002 .069
Myo1f 8.40 10.89 5.62 .00128 .087
Spc25 9.06 11.55 5.61 .00030 .075
Tlr13 8.91 11.38 5.57 .00351 .097
Tmem176b 11.84 14.31 5.57 .00069 .082
C1qc 11.21 13.68 5.55 .00059 .080
Cd68 9.41 11.88 5.55 .00101 .084
Kif22 8.29 10.75 5.52 .00010 .072
Mndal 8.88 11.34 5.50 .00430 .099
Tmem176a 7.94 10.40 5.50 .00049 .079
Tmem173 9.24 11.70 5.50 .00206 .089
Cd14 8.80 11.26 5.49 .00316 .096
Cysltr1 7.56 10.00 5.44 .00130 .087
Tk1 8.32 10.76 5.43 .00031 .075
Kif20a 7.68 10.10 5.35 .00037 .075
C1qb 9.63 12.05 5.35 .00120 .087
Cd48 8.48 10.89 5.34 .00099 .084
Cenpe 8.63 11.05 5.34 .00092 .084
Nckap1l 8.26 10.66 5.30 .00047 .078
Panx1 9.11 11.51 5.29 .00002 .069
Clec4a1 8.42 10.82 5.29 .00313 .096
Il10ra 7.59 9.99 5.28 .00386 .098
Wisp1 9.71 12.10 5.23 .00043 .076
Ptpn18 10.25 12.63 5.21 .00115 .087
Cd74 10.46 12.84 5.19 .00266 .093
Mki67 8.76 11.13 5.18 .00023 .073
Ccnb2 8.22 10.58 5.13 .00039 .076
Itgax 7.04 9.40 5.10 .00262 .093
Comp 10.10 12.45 5.09 .00200 .089
Mki67 9.14 11.47 5.03 .00012 .072
H2-DMb1 9.37 11.69 5.01 .00427 .099
Ccna2 7.82 10.14 4.99 .00012 .072
Amica1 7.28 9.60 4.98 .00332 .097
Gpr176 6.56 8.87 4.94 .00004 .071
Ptpn6 7.95 10.25 4.93 .00326 .097
Vcam1 10.43 12.72 4.92 .00245 .093
Dpep2 7.23 9.51 4.86 .00176 .089
Cd86 7.95 10.20 4.74 .00339 .097
Gngt2 10.14 12.38 4.74 .00180 .089
Rps6ka1 9.30 11.53 4.70 .00130 .087
Cd83 8.14 10.36 4.69 .00132 .088
Fcgr3 8.06 10.28 4.65 .00315 .096
Mogat2 7.91 10.13 4.65 .00001 .069
Thy1 11.68 13.88 4.62 .00102 .084
Cp 10.08 12.28 4.60 .00002 .069
Gmfg 9.53 11.72 4.56 .00378 .098
Cdca3 7.78 9.95 4.52 .00094 .084
Scg2 6.61 8.78 4.50 .00158 .089
Cx3cl1 10.16 12.30 4.39 .00005 .071
D2Ertd750e 9.41 11.54 4.37 .00123 .087
Arhgap25 8.21 10.34 4.37 .00401 .098
Emr1 8.52 10.64 4.37 .00139 .088
Gm13304 12.70 14.82 4.36 .00006 .072
Hcst 7.64 9.76 4.35 .00131 .088
Cdca8 8.42 10.54 4.34 .00009 .072
Cd209a 6.84 8.96 4.33 .00282 .094
Ripk3 7.76 9.88 4.32 .00177 .089
Cdc20 9.15 11.26 4.32 .00068 .082
Ccnb1 7.72 9.83 4.31 .00224 .090
Wdfy4 8.66 10.76 4.30 .00094 .084
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Cdh11 8.75 10.84 4.27 .00006 .071
Hist1h2ag 12.23 14.30 4.21 .00362 .097
Myo1f 7.75 9.81 4.16 .00434 .099
Mrc1 10.24 12.29 4.15 .00016 .072
Cd48 7.43 9.48 4.14 .00406 .098
Fes 9.83 11.87 4.12 .00116 .087
Tnfrsf11b 8.73 10.76 4.08 .00015 .072
Hcls1 9.72 11.74 4.06 .00330 .097
Iﬁ27l2b 7.16 9.18 4.06 .00018 .072
Downregulated genes
Slc16a11 10.67 8.66 0.25 .00292 .094
Myo18b 10.37 8.36 0.25 .00204 .089
Ecm2 11.95 9.92 0.24 .00087 .084
Sgcg 11.91 9.86 0.24 .00044 .077
Aldh3a1 10.00 7.95 0.24 .00034 .075
Atp1b2 11.59 9.50 0.23 .00270 .093
Lrrc17 14.58 12.47 0.23 .00045 .077
5330431K02Rik 11.20 9.03 0.22 .00082 .084
Upb1 10.12 7.95 0.22 .00002 .069
Ppp1r1b 9.44 7.25 0.22 .00012 .072
Tmem35 10.22 8.03 0.22 .00201 .089
Wif1 11.64 9.45 0.22 .00015 .072
Rab17 9.37 7.05 0.20 .00003 .069
Lrrc4b 9.81 7.48 0.20 .00267 .093
Asb2 11.34 8.94 0.19 .00315 .096
Myo18b 11.98 9.56 0.19 .00031 .075
Lrrc4b 9.90 7.46 0.18 .00203 .089
Synpo2 15.10 12.54 0.17 .00014 .072
AI507597 9.79 6.98 0.14 .00143 .088
Dsp 11.89 8.93 0.13 .00158 .089
Samples originating from the ascending aorta (segment A) of wild-type (wt) and mgR/mgR mice were analyzed using Agilent Mouse Gene Expression 4x44K
V2 Microarrays. Array analysis was performed in triplicate, and for each ribonucleic acid sample aortic tissue from n ¼ 4 animals was pooled. Note that mean
gene expression are shown as log2 transformed values, but the fold change (FC) is shown as the ratio of the untransformed values. Shown are genes found to
be differentially expressed with an absolute FC >4, and Benjamini-Hochberg corrected P < .1. Descriptions of genes are available online at www.ensembl.org.
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